The severity of an initial burn injury is critical for determining the treatment plan and prognosis of burn patients. Here, we measured serum neutrophil gelatinase-associated lipocalin (NGAL) levels to determine whether NGAL can be used as a biomarker for severity of burn injuries. A study of the demographic, clinical, and laboratory markers for various organ damage was performed at Bestian Burn Center (n = 10 healthy people, n = 31 patients). NGAL and organ damage marker levels were measured in 31 patients with severe burns within 2 -3 days following their admission to the intensive care unit. Serum NGAL level of the expired patients was 788.5 (685.0 -998.0) pg/mL, whereas that of the discharged patients was 421.2 (356.2 -480.6) pg/mL, showing that the initial serum NGAL level can be used to estimate mortality. We also determined the correlation between serum NGAL level and the currently used severity markers (total body surface area burned and abbreviated burn severity index) and confirmed that serum NGAL level could be used as a severity marker. We also found that serum NGAL level was correlated with damage of organs such as the liver, kidney, heart, and respiratory organs in patients with severe burns.
Introduction
In humans, following skin damage and infection, various types of reactions pre-vent tissue damage and activate the recovery process to restore organ functions.
The acute-phase response begins at the injured sites where the circulatory plasma protein level changes when a soluble mediator is released, which in turn induces a metabolic and inflammatory response in organs [1] . NGAL is a lipocalin family protein and exists in the disulfide-bond form of a 25-kDa homodimer, lipocalin 2, and a 135-kDa molecule, neutrophil gelatinase [2] .
The secretion of NGAL is activated by lactoferrin and vitamin B 12 , and its expression increases in epithelial cells in the inflammatory state. NGAL is secreted mainly from neutrophils as well as various organs including the kidney, liver, lung, and bronchus. NGAL has antibacterial effects, thus playing a critical role in early bacterial infection [3] [4] [5] . During bacterial invasion, the toll-like receptor stimulates the transcription, translation, and secretion of NGAL. Secreted NGAL isolates the siderophore, including iron, which in turn inhibits bacterial growth [6] . Additionally, NGAL is known to help control homeostasis in various diseases in addition to inflammation [7] [8], body temperature [9] , and plasma glucose levels [10] .
NGAL expression is low in the normal state but increases rapidly in an acute inflammatory response [11] [12] . A previous study reported that expression of the inflammatory acute-phase response gene LCN2 increases in the liver of rats 8 hours after burn injury [13] . Human NGAL is a component of neutrophil granules, but it is expressed in epithelial cells through an inflammatory response [5] . Previous studies have reported that the increase in NGAL expression is more significant in severe sepsis than in uncomplicated sepsis. Further, NAGL reportedly has a protective effect in different conditions such as cold and heat stress and H 2 O 2 toxicity and on various organs [14] [15] [16] . Some clinical studies reported that NGAL was used as a biomarker for renal failure to detect acute kidney damage in early-stage burn injury, and the NGAL level increased in the burn patients with acute kidney injury (AKI) 7 days after injury [17] .
After acute injury in patients with severe burns, several pathophysiological changes occur following skin tissue damage by heat and acute systemic disease due to burn shock and production of inflammatory mediators. The prognosis of such burn patients is influenced by age, gender, injured area, size of burn injury, existence of other diseases, cause of injury, and presence of respiratory injuries.
Therefore, accurate and objective evaluation of severity is critical to determine appropriate treatment for burn patients [18] .
The severity of burn injuries can be evaluated by a number of methods including measurement of the Acute Physiology and Chronic Health Evaluation II (APACHE II) score, TBSA and ABSI. Although only the ABSI classifies burn patients on the basis of five variables, others are low as its clinical applicability [19] .
To verify the value of NGAL as a marker for the diagnosis and prognosis of burn injuries in the early stage, we compared the differences in serum NGAL levels, including initial NGAL level, between ICU patients who were discharged and those who died.
Materials and Methods

Study Design and Population
We conducted an observational study in the emergency department and intensive care unit (ICU) of Bestian Medical Center (Seoul and Daejeon, Republic of Korea) between August 2012 and May 2014. This study was performed with standard of selection. All consecutive patients aged ≥18 years and <65 years with a flame burn involving ≥25% of the TBSA. Patients were admitted to the Bestian Medical Center within 12 hours of their injury, were included in the study.
Of 45 patients assessed, 31 patients were included in the study. The exclusion criteria were as follows: age < 18 or ≥65 years, burn size < 25% of the TBSA, other concomitant trauma, diabetes, and hypertension. Ten healthy subjects were included in the control group. Further, we evaluated the following parameters that could have influenced the mortality rate: age, sex, cause of burn, burn size, presence of inhalational injury, number of surgeries, length of stay in the ICU and hospital, and TBSA. We assessed serum NGAL & clinical levels in both patients and control subjects. The patient group was further divided into expired patients and discharged patients. The study protocol was approved by the Institutional Review Board of Bestian Hospital.
Clinical Data Collection, Follow-Up, and NGAL Measurements
Initial clinical data were measured at medical-surgical ICU within 12 hours after the burn occurred. Additional blood samples for serum NGAL were collected every 2 days from the ICU patients and every 2 days from a general ward patients for the duration of the study. Blood samples were no longer collected after a patient left the hospital or died. Blood samples were collected and processed within 1 hour from the time of collection. We acquired serum samples from 10 healthy human subjects and 31 burn patients. The samples were centrifuged at 3000 rpm for 15 minutes (Hanil Sciences, Korea) and immediately stored at −80˚C until analysis.
Serum NGAL levels were measured using an ELISA kit (Bioporto, Denmark) with an assay range of 10 -1000 pg/mL. Based on the ELISA results, samples were diluted 500-fold. Briefly, 100 μL of the sample was added to the antibodycoated microwell and incubated for 60 minutes at room temperature on a shaking platform. The plate was washed four times, after which 100 μL of biotinylated NGAL antibody was added. The plate was incubated again for 60 minutes at room temperature on a shaking platform, followed by washing four times again. Subsequently, 100 μL of 3, 3', 5, 5'-tetramethylbenzidine substrate was dispensed into each microwell and incubated for 10 minutes at room temperature in the dark. The reaction was stopped by adding 100 μL of stop solution. Colorimetric analysis was performed using a Spectra Max Micro Plate Reader (Molecular Devices, CA) at 450 nm. For comparative purposes, serum NGAL levels were measured in anticoagulated plasma of apparently healthy donors. We evaluated the changes serum NGAL level for 35 days or until death or discharge from the hospital. Baseline clinical data included hemodynamic parameters, serum lactate le-vels, and heart, renal, and liver function.
Laboratory Measurements
The following characteristics of patients with severe burns in each group were analyzed: age, sex, and number of hospitalization days. In addition to the ABSI and percentage of TBSA burned, the following levels were measured in serum: aspartate aminotransferase (AST), alanine aminotransferase (ALT), total bilirubin, blood urea nitrogen (BUN), creatinine, lactic dehydrogenase (LDH), creatinine phosphokinase, C-reactive protein (CRP), protein, myoglobin and amlyase. We examined a retrospective analysis of burn patients who had measurement of these factors within 48 hours of injury and healthy subjects center at the Bestian Medical Center.
Ethics and Statistical Analysis
The study was reviewed and approved by the Institutional Review Board of the Bestian Seoul Burn Center, Seoul, Korea.
Analysis of variance with Spearman correction, paired and unpaired χ 2 tests, and Mann-Whitney tests were used for analysis. Data are expressed as mean ± standard deviation or standard error of the mean. Values of p < 0.05 were considered statistically significant.
Results
NGAL Expression in ICU Burn Patients
All demographic data are presented in Table 1 . The average age was 43.48 years; 87% were men and 13% were women. The average TBSA burned was 46%. The mortality rate was approximately 45% (14/31). Initial NGAL levels were measured at the Bestian Hospital ICU within 48 hours after the burn occurred. The mean of serum NGAL level was significantly higher in the expired patients compared with those who were discharged (788.5 pg/mL [n = 14] vs. 421.2 pg/mL [n = 17], respectively; p < 0.001; Table 1 ).
Serum NGAL levels were significantly higher in the patient group (611 pg/mL) compared with the control group (174 pg/mL) (p < 0.001) and in the expired patients (788.5 pg/mL) compared with the discharged patients (421.2 pg/mL) (p < 0.001) (Figure 1) . If serum NGAL level decreased over time, the burn patient was moved to the general ward or discharged; however, if serum NGAL level increased or remained high and unchanged, the patient usually died or stayed in the ICU for a long period.
Patient Demographics and Laboratory Measurements
Regarding hospital stay, the expired patients had a shorter stay than the discharged patients. Along with serum NGAL levels, the mean TBSA and AST, LDH, and myoglobin levels were significantly higher (p < 0.001) in the expired patients than in the discharged patients: TBSA, 66.5% vs. 30.0%; AST, 68 IU/L vs. 31 IU/L; LDH, 527 IU/L vs. 290IU/L; myoglobin, 311 ng/ml vs. 62 ng/ml. Figure 1 . The average of NGAL expression in normal, discharge and expire groups. Significant difference between discharge/espire group versus nomal range; * p < 0.001.
Correlation between NGAL Levels and Laboratory Parameters
Spearman correlation analysis revealed correlations between serum NGAL levels and each laboratory parameter was evaluated in all patients (Table 2) Table 2 ). The scatter plots in Figure 2 reveal relationships or associations between two scores (TBSA vs. NGAL and ABSI vs. NGAL).
Long-Term Expression of NGAL in Burn Patients
Serum NGAL levels in the expired patients remained consistently high for 5 -35 days (until death). Serum NGAL levels in the survival group were initially high but decreased slightly within 14 days or increased temporarily but eventually decreased again (Figure 3 ).
NGAL Levels and Mortality
A logistic regression analysis with odds ratios was performed using TBSA, ABSI, and serum NGAL levels with death as a dependent variable. TBSA, ABSI, and serum NGAL levels were statistically correlated (p < 0.05). As the TBSA and ABSI levels increased by 1 unit, the odds ratio increased 1.085 times and 1.884 times, respectively. In contrast, as serum NGAL increased by 10 units, the odds ratio increased 1.109 times (Table 3) . Serum NGAL levels compensated for age, TBSA, and ABSI. The results of the multiple logistic regression indicated a statistically significant increase in the mortality risk as serum NGAL level increased by 10 units.
NGAL for the Prediction of Organ Damage after a Burn
To determine the correlation between serum NGAL levels and AKI, we comparatively analyzed factors associated with kidney damage. The BUN level remained within the normal range (8 -25 mg/dL) in the discharged patients, but in expired patients, it eventually increased 10 days after the burn injury ( Figure 4) Serum NGAL levels rapidly increased within 3 days of injuries, whereas the Figure 4 . BUN, Creatinine, AST and ALT laboratory value of expire group/discharge group. Significant difference between expire group versus discharge group; *p < 0.05. BUN levels increased later. During the early stage after a burn injury, the mean levels of BUN and creatinine showed no significant difference between the discharged patients and the expired patients (p value = 0.176, 0.300). Similar to serum NGAL levels, AST levels in the expired patients were higher than those in the discharged patients throughout the evaluation period (p value < 0.001). But ALT levels in both patients groups showed no significant difference.
Comparison between NGAL Levels and ABSI in Patients with Severe Burns
The initial severity of the burn patients was evaluated within 48 hours of the burn by comparing the levels of NGAL and ABSI. In some cases, the ABSI was higher in discharged patients than in the expired patients. However, serum NGAL levels were mostly higher in the expired patients than in the discharged patients (Supplement 1).
Discussion
A severe burn is a serious and complex injury that may result in disability and death. Thus, special methods for its diagnosis and treatment are required [20] .
There have been several reports about the methods for evaluating mortality risk, but none of them have been adopted as a standard. Further, mortality rate is affected by factors such as age, sex, size of burn injury, respiratory damage, trauma, and pneumonia [21] . The ABSI and APACHE II score are used to compensate for the shortcomings of the current methods of diagnosis and prognosis of burn injuries; however, there is a need for more reliable and accurate methods.
Therefore, in this study, we assessed whether NGAL levels could be used for diagnosis and prognosis of burn injuries.
We analyzed the severity of burn injuries in ICU patients by measuring the TBSA, ABSI, and serum NGAL level. We classified the ICU patients into discharged patients, including those that survived, and expired patients. The results showed that TBSA, ABSI, and serum NGAL level were higher in the expired patients than in the discharged patients. ABSI is reportedly a more accurate and useful tool than TBSA, but given the advancements in therapeutic techniques, treatments, and technologies that have increased the survival rate of patients aged >60 years and with burns involving 30% of the TBSA, the score for sex and age need to be revised [22] . Since we verified that serum NGAL level could accurately classify burn severity, we believe that serum NGAL level can be used as the only indicator for diagnosis. Our study showed that some patients with severe burns died, even though their ABSI was not high (Supplement 1). Therefore, we cannot conclude that the severity of burns increases with an increase in the ABSI. However, our findings suggested that serum NGAL level reflects the severity of burns more exactly than ABSI.
We additionally compared serum NGAL levels over time between the discharged patient and the expired patients. We found that as serum NGAL level decreased, the burn patients were moved to general wards or discharged, whereas if serum NGAL level remained high or increased, many patients died or stayed in the ICU for a long duration. Briefly, serum NGAL level allowed us to diagnose and provide a prognosis of burn patients to some extent.
On comparing the use of only TBSA and ABSI to determine the severity of burns in patients with respiratory damage, we noted that the severity was higher in patients with a high TBSA. However, serum NGAL level was higher in the patients with respiratory damage. Moreover, these patients died earlier than those without respiratory damage.
Severe burn injury damages several organs of the body [18] . For example, it results in renal dysfunction or decreased urine output in the kidney, which often accompanies uremia and multiple-organ dysfunction, thereby leading to a poor prognosis [23] [24] [25] . A few recent clinical studies reported that the plasma NGAL level allowed precise determination of AKI. According to one study, the NGAL level in the patients with progressive AKI rapidly increased 7 days after their admission to the hospital [17] . However, we verified that serum NGAL could be expressed within 48 hours of burn injury, which represents a systemic response including AKI and reflects the severity of the burn injury.
To determine the correlation between NGAL expression and other organ dysfunction in patients with severe burns, we analyzed blood chemistry. Our results
showed that the AST and LDH levels increased more significantly in the expired patients than in the discharged patients with severe burns. As such, muscle damage, as well as liver and heart damage, might occur in the early stage.
Serum NGAL level as an early predictor of AKI might reflect the severity of burns and could also be used as an indicator of inflammation in burned children [26] . AKI occurred in approximately 26% (8 of 31) of patients and was associated with a mortality rate of 75% (6 of 8) in our study. The AKI rate (18%) and the mortality rate in patients with AKI (73%) in our study were similar to that in a previous report (24% and 73%, respectively) [18] , but of the 14 subjects who died in our study, 6 (43%) had AKI. Also, the NGAL level made no difference whether patients had AKI or not (AKI: non-AKI, 886 ± 251.5:770 ± 161.6, p = 0.325). NGAL is a good early biomarker of AKI and can predict the necessity of renal replacement therapy initiation [27] . Our data support this idea partially, but we also suggest that NGAL might reflect damage of various organs as well as the severity of burns.
NGAL is a major inflammatory protein [28] The relevance of CRP and NGAL in inflammatory conditions has been reported [26] , and they are regarded as early markers of inflammation. Our results showed CRP levels in the expired patients were just a little higher than those of the discharged patients. A Correlation of NGAL and CRP was lower than AST, LDH and myoglobin (r = 0.331 (0.069)). Because CRP revealed acute inflammation at mostly patients with burn injury [40] , there was not a great deal of difference in severe patients. The results of our study suggested that NGAL expression is high in severe burn patients with systemic diseases in the early stage, and the higher the NGAL level, the higher was the mortality rate.
There are several limitations in this study. Patients were included by convenience sampling and this study was performed with a relatively small number of patients. In addition, the study was only limited to adult patients with severe burn and therefore may not accurately reflect all burn patients. The small patients and limited sample tests may increase that the results are spurious. This report is a pilot study to help predict the severity of burns. Future studies with larger sample number sand better experimental strategies are needed to prove the value of NGAL as a good marker for predicting mortality.
Conclusion
Measurement of serum NGAL level together with ABSI and TBSA in the early stage of burns can help determine the condition of burn patients more accurately. In addition, the change in the NGAL level of burn patients during their hospital stay can appropriately represent the condition of such patients. Thus, we believe that serum NGAL level serves as a biomarker for burn patients within 72
hours of injury and can guide the provision of effective treatment for burn patients. Nonetheless, we may infer that NGAL expression is associated with the regeneration of damaged cells and tissues of organs such as the heart and liver, which should be further studied.
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